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57 ABSTRACT 
An anisotropic elastomeric conductor is fabricated by 
stacking a plurality of first and second sheets, where the 
first sheets include a plurality of parallel electrically 
conductive fibers and the second sheets are composed 
of electrically insulating material. By introducing a 
curable elastomeric resin into the layered structure of 
sheets, and then curing the resin, a solid elastomeric 
block having a plurality of parallel electrically conduc 
tive fibers running its length is obtained. Individual 
elastomeric conductors suitable for interfacing between 
electronic components are obtained by slicing the block 
in a direction perpendicular to the conductors. The 
conductor slices so obtained are particularly suitable for 
interfacing between electronic devices having planar 
arrays of electrical contact pads. 

17 Claims, 6 Drawing Figures 
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1. 

METHOD OF FABRICATING ELECTRICAL 
CONNECTOR FOR SURFACE MOUNTING 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates generally to methods of 

fabricating articles for electrically connecting elec 
tronic devices. More particularly, the invention relates 
to an improved method for fabricating anisotropic elec 
trically conductive materials which can provide an 
electrical interface between devices placed on either 
side thereof. 
Over the past ten years, electrically conductive elas 

toners have found increasing use as interface connec 
tors between electronic devices, serving as an alterna 
tive for traditional solder and socket connections. Elas 
tomeric conductors can take a variety of forms, but 
generally must provide for anisotropic electrical con 
duction. Anisotropic conduction means that the electri 
cal resistance measured in one direction through the 
material will differ from that measured in another direc 
tion. Generally, the elastomeric conductors of the prior 
art have been materials which provide for high resis 
tance in at least one of the orthogonal directions of the 
material, while providing low resistance in the remain 
ing one or two directions. In this way, a single piece or 
sheet of material can provide for multiple connections 
so long as the connector terminals on the devices to be 
connected are properly aligned. 

2. Description of the Prior Art 
The anisotropic elastomeric conductors of the prior 

art generally consist of an electrically conductive mate 
rial dispersed or arranged in an electrically insulating 
material. In one form, alternate sheets of conductive 
and non-conductive materials are layered to form a 
block, and individual connector pieces can be cut from 
the block in a direction perpendicular to the interface of 
the layers. Connector pieces embodying such layered 
connectors have been sold under the trade name "Ze 
bra' by Tecknit, Cranford, N.J., and the trade name 
"Stax' by PCK Elastomerics, Inc., Hatboro, Pa. Such 
connectors are discussed generally in Buchoff, "Surface 
Mounting of Components with Elastomeric Connec 
tors,' Electri-Onics, June, 1983; Buchoff, "Elastomeric 
Connections for Test & Burn-In," Microelectronics 
Manufacturing and Testing, October, 1980; Anon., 
"Conductive Elastomeric Connectors Offer New Pack 
aging Design Potential for Single Contacts or Complete 
Connection Systems,' Insulation/Circuits, February, 
1975; and Anon., "Conductive Elastomers Make Bid to 
Take Over Interconnections," Product Engineering, 
December 1974. While useful under a number of cir 
cumstances, such layered anisotropic elastomeric con 
ductors provide electrical conductivity in two orthogo 
nal directions, providing insulation only in the third 
orthogonal direction. Thus, the layered anisotropic 
elastomeric conductors are unsuitable for providing 
surface interface connections where a two-dimensional 
array of connector terminals on one surface is to be 
connected to a similar two-dimensional array of con 
nectors on a second surface. Such a situation requires 
anisotropic elastomeric conductor which provides for 
conductivity in one direction only. 
At least two manufacturers provide anisotropic elas 

tomeric conductors which allow for conduction in one 
direction only. Tecknit, Cranford, NJ, manufactures a 
line of connectors under the trade name "Conmet.' The 
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2 
Conmet connectors comprise elastomeric elements hav 
ing two parallel rows of electrically conductive wires 
embedded therein. The wires are all parallel, and elec 
trical connections may be made by sandwiching the 
connector between two surfaces so that good contact is 
established. The Conmet connector is for connecting 
circuit boards together, as well as connecting chip carri 
ers and the like to printed circuit boards. The matrix is 
silicon rubber. 
A second anisotropic elastomeric conductor which 

conducts in one only direction is manufactured by Shin 
Etsu Polymer Company, Ltd., Japan, and described in 
U.S. Pat. Nos. 4,252,391; 4,252,990; 4,210,895; and 
4,199,637. Referring in particular to U.S. Pat. No. 
4,252,391, a pressure-sensitive electroconductive com 
posite sheet is prepared by dispersing a plurality of 
electrically conductive fibers into an elastomeric ma 
trix, such as silicone rubber. The combination of the 
rubber matrix and the conductive fibers are mixed 
under sheer conditions which break the fibers into 
lengths generally between 20 to 80% of the thickness of 
the sheet which is to be prepared. The fibers are then 
aligned parallel to one another by subjecting the mix 
ture to a sheer deformation event, such as pumping or 
extruding. The composite mixture is then hardened, and 
sheets prepared by slicing from the hardened structure. 
The electrically conductive fibers do not extend the 
entire thickness of the resulting sheets, and electrical 
contact is made through the sheet only by applying 
pressure. 
Although useful, the anisotropic elastomeric conduc 

tors of the prior art are generally difficult and expensive 
to manufacture. Particularly in the case of the elasto 
meric conductors having a plurality of conductive fi 
bers, it is difficult to control the density of fibers at a 
particular location in the matrix, which problem is exac 
erbated when the density of the conductive fibers is 
very high. 
For these reasons, it would be desirable to provide 

alternate methods for fabricating anisotropic elasto 
meric conductors which provide for conductivity in 
one direction only. In particular, it would be desirable 
to provide a method for preparing such elastoneric 
conductors having individual conductive fibers present 
in an elastomeric matrix in a precisely controlled uni 
form pattern. 

SUMMARY OF THE INVENTION 

A novel anisotropic elastomeric conductor is pro 
vided which is easy to manufacture and can be tailored 
to a wide range of specifications. The conductor com 
prises an elastomeric matrix having a plurality of elec 
trically conductive fibers uniformly dispersed through 
out. The conductor may be in the form of a block or a 
relatively thin slice, and the electrically conductive 
fibers extend across the conductor so that they termi 
nate on opposite faces of the conductor. In this way, the 
anisotropic elastomeric conductor is particularly suited 
for interfacing between electronic components, particu 
larly components having a plurality of conductor termi 
nals arranged in a two-dimensional or planar array. The 
anisotropic elastomeric conductor may also find use as 
an interface between a heat-generating device, such as 
an electronic circuit device, and a heat sink. When act 
ing as either an electrically conductive interface or a 
thermally conductive interface, the elastomeric material 
has the advantage that it can conform closely to the 
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contours of both surfaces of the devices which are being 
coupled. 
The anisotropic elastomeric conductors of the pres 

ent invention are fabricated from first and second sheet 
materials, where the first sheet material includes, a plu- 5 
rality of electrically-conductive fibers positioned to lie 
parallel to one another and electrically isolated from 
one another. In the exemplary embodiment, the first 
sheet comprises a wire cloth having metal fibers run 
ning in one direction and loosely woven with insulating 10 
fibers running in the transverse direction. The second 
sheet consists of an electrically-insulating fiber loosely 
woven in both directions. The first and second sheets 
are stacked on top of one another, typically in an alter 
nating pattern, so that the secondary sheets provide 15 
insulation for the electrically-conductive fibers in the 
adjacent first sheets. After stacking a desired number of 
the first and second sheets, the layered structure is per 
fused with a liquid, curable elastomeric resin, such as a 
silicone rubber resin, to fill the interstices remaining in 
the layered structure of the loosely woven first and 
second sheets. Typically, pressure will be applied by 
well known transfer molding techniques, and the elasto 
mer cured, typically by the application of heat. The 
resulting block structure will include the electrically- 25 
conductive fibers embedded in a solid matrix comprise 
ing two components, i.e., the insulating fibers and the 
elastomeric material. 
For most applications, slices will be cut from the 

block to a thickness suitable for the desired interface 30 
application. Often it will be desirable to dissolve at least 
a portion of the fibrous material in the matrix in order to 
introduce voids in the elastomeric conductor to en 
hance the compressibility of the conductor. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the stacked first and second sheets 
of the present invention prior to compression and trans 
fer molding. 

35 

FIG. 2 is a detailed view of the first sheet material of 40 
the present invention. 
FIG. 3 is a detailed view of the second sheet material 

of the present invention. 
FIG. 4 illustrates the block of anisotropic elastomeric 

conductor material of the present invention having a 45 
single slice removed therefron. 
FIG. 5 illustrates the anisotropic elastomeric conduc 

tor material of the present invention as it would be used 
in forming an interface between an electronic device 
having a planar array of connector pads and a device 
Support substrate having a mating array of connector 
pads, and FIG. 6 is a detailed view, partially in cross 
section, of the new anisotropic elastomeric material. 

DESCRIPTION OF THE PREFERRED 55 
EMBODIMENT 

According to the present invention, anisotropic elas 
torneric conductors are fabricated from first and second 
sheets of loosely woven fabric material. The first sheet 
materials are made up of both electrically-conductive 
and electrically insulating fibers, where, the electrically 
conductive fibers are oriented parallel to one another so 
that no two fibers contact each other at any point. The 
electrically insulating fibers run generally transversely 
to the electrically conductive fibers in order to com- 65 
plete the weave. In some cases, it may be desirable to 
include electrically insulating fibers running parallel to 
the electrically-conductive fibers, either in addition to 
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or in place of the electrically-conductive fibers, in order 
to adjust the density of conductive fibers in the final 
product. The second sheet material will be a loosely 
woven fabric comprising only electrically insulating 
fibers. The second sheet material is thus able to act as an 
insulating layer between adjacent first layers having 
electrically-conductive fibers therein. 

Suitable electrically-conductive fibers include virtu 
ally any fiber material having a bulk resistivity below 
about 50 0-cm, and preferably about 4.2-cm. Typi 
cally, the electrically-conductive fibers will be conduc 
tive metals, such as copper, aluminum, silver, and gold, 
and alloys thereof. Alternatively, suitable electrically 
conductive fibers can be prepared by modifying electri 
cally insulating fibers, such as by introducing a conduc 
tivity-imparting agent such as metal particles to a natu 
ral or synthetic polymer. The preferred electrically 
conductive fibers are copper, aluminum, silver, gold, 
and alloys thereof, particularly copper wire. 
The electrically insulating fibers in both the first and 

second sheet materials may be formed from a wide 
variety of materials, including natural fibers, such as 
cellulose, i.e., cotton; protein, i.e., wool and silk, and 
synthetic fibers. Suitable synthetic fibers include poly 
amides, polyesters, acrylics, polyolefins, nylon, rayon, 
acrylonitrile, and blends thereof. In general, the electri 
cally insulating fibers will have bulk resistivities in the 
range from about 1011 to 107 S2-cm, and preferably 
above about 101.50-cm. 
The first and second sheet materials are woven by 

conventional techniques from the individual fibers. The 
size and spacing of the fibers in the first sheet material 
will depend on the size and spacing of the electrical 
conductors required in the elastomeric conductor being 
produced. Typically, the electrically-conductive fibers 
will have a diameter in the range from about 103 to 
10-2 cm. The spacing between adjacent conductors are 
typically in the range from about 5X 103 to 5X 102 
cm. The spacing of between the insulating fibers in the 
first sheet material is less critical, but are typically about 
the same as the spacing for the electrically conductive 
fibers. The fiber diameter of the electrically insulating 
fibers is selected to provide a sufficiently strong weave 
to withstand the subsequent processing steps. In all 
cases, the weave should be sufficiently loose so that 
gaps or interstices remain between adjacent fibers so 
that liquid elastomeric resin may be introduced to a 
stack of the woven sheets, as will be described hereinaf. 
te. 

Referring now to FIGS. 1-3, a plurality of first sheets 
10 and second sheets 12 are stacked in an alternating 
pattern. The dimensions of the sheets 10 and 12 are not 
critical, and will depend on the desired final dimensions 
of the elastomeric conductor product, Generally, the 
individual sheets 10 and 12 have a length L between 
about 1 and 100 cm, and preferably between about 10 
and 50 cm. The width W of the sheets 10 and 12 is 
preferably between 1 and 100 cm, more usually between 
10 and 50 cm. The sheets 10 and 12 are stacked to a final 
height in the range from about 1 to 10 cm, and prefera 
bly in the range from about 1 to 5 cm, corresponding to 
a total number of sheets in the range from about 25 to 
500, generally from about 25 to 200 sheets. 
The first sheets 10 are formed from electrically-con 

ductive fibers 14 woven with electrically insulating 
fibers 16, as illustrated in detail in FIG. 2. The first 
sheets 10 are oriented so that the electrically-conduc 
tive fibers 14 in each of the sheets are parallel to one 
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another. The second sheet material is comprised of a 
weave of electrically insulating fiber 16, as illustrated in 
FIG. 3. In both the first sheet material and the second 
sheet material, interstices 18 are formed between the 
individual fibers of the fabric. Depending on the size of 
the fibers 14 and 16, as well as on the spacing between 
the fibers, the dimensions of the interstices 18 may vary 
in the range from 10-3 to 10-2 cm. 

In forming the stacks of the first and second sheet 
materials, the pattern illustrated in FIG. 1 may be var 
ied within certain limits. For example, two or more of 
the second sheets 12 maybe placed between adjacent 
first sheets 10 without departing from the concept of the 
present invention. In all cases, however, it will be neces 
sary to have at least one of the second insulating sheets 
12 between adjacent first conducting sheets 10. Addi 
tionally, it is not necessary that all of the first sheets 10 
employed in a single stack be identical, and two or more 
sheets 10 having different constructions may be em 
ployed. Similarly, it is not necessary that the second 
sheets 12 all be of identical construction, and a certain 
amount of variation is permitted. 

In fabricating the materials of the present invention, it 
has been found convenient to employ commercially 
available sieve cloths which may be obtained from con 
mercial suppliers. The second sheets may be nylon sieve 
cloths having a mesh ranging from about 80 to 325 
mesh. The first sheet materials may be combined wire/- 
nylon mesh cloths having a similar mesh sizing. 
After the stack has been formed, as illustrated in FIG. 

1, it is necessary to mold the stack into a solid block of 
elastomeric material. This may be accomplished by 
introducing a curable elastomeric resin into the inter 
stices 18 of the layered sheet materials 10 and 12. Suit 
able elastomeric resins include thermosetting resins, 
such as silicone rubbers, urethane rubbers, latex rub 
bers, and the like. Particularly preferred are silicone 
rubbers because of their stability over a wide tempera 
ture range, their low compression set, high electrical 
insulation, low dielectric constant, and durability. 

Perfusion of the elastomeric resin into the layered 
first and second sheets may be accomplished by conven 
tional methods, typically by conventional transfer 
molding techniques. The layered structure of FIG. 1 is 
placed in an enclosed mold, referred to as a transfer 
mold. Fluidized elastomeric resin is introduced to the 
transfer mold, under pressure so that the mold cavity is 
completely filled with the resin. Either a cold or a 
heated mold may be employed. In the case of a cold 
mold, it is necessary to later apply heat to cure the resin 
resulting in a solidified composite block of the resin and 
the layered sheet materials. Such curing will take on the 
order of one hour. The use of heated mold reduces the 
curing time to the order of minutes. 

Referring now to FIG. 4, the result of the transfer 
molding process is a solidified block 20 of the layered 
composite material. As illustrated, the individual con 
ductors 14 are aligned in the axial direction in the block 
20. To obtain relatively thin elastomeric conductors 
preferred in most applications, individual slices 22 may 
be cut from the block 20 by slicing in a direction per 
pendicular to the direction in which the conductors are 
running. This results in a thin slice of material having 
individual conductors uniformly dispersed throughout 
and extending across the thickness T of the slice 22. As 
desired, the slice 22 may be further divided by cutting it 
into smaller pieces for particular applications. The 
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6 
thickness T is not critical, but usually will be in the 
range from about 0.02 to 0.4 cm. 
The resulting thin section elastomeric conductor 22 

will thus comprise a two-component matrix including 
both the insulating fiber material 16 and the elastomeric 
insulating material which was introduced by the trans 
fer molding process. In some cases, it will be desirable 
to remove at least a portion of the insulating fiber mate 
rial 16 in order to introduce voids in the conductor 22. 
Such voids enhance the compressibility of the conduc 
tor, which may be beneficial under certain circum 
stances. The fibrous material may be dissolved by a 
variety of chemical means, typically employing oxida 
tion reactions. The particular oxidation reaction will, of 
course, depend on the nature of the insulating fiber. In 
the case of nylon and most other fibers, exposure to a 
relatively strong mineral acid, such as hydrochloric 
acid, will generally suffice. After acid oxidation, the 
conductor material will of course be thoroughly 
washed before further preparation or use. 

Referring now to FIGS. 5 and 6, an anisotropic elas 
tomeric conductor material 22 of the present invention 
will find its greatest use in serving as an electrical inter 
face between a semiconductor device 30 and a semicon 
ductor support substrate 32. The semiconductor device 
30 is of the type having a two-dimensional or planar 
array of electrical contact pads 34 on one face thereof. 
The support substrate 32, which is typically a multilayer 
connector board, is also characterized by a plurality of 
contact pads 36 arranged in a planar array. In general, 
the pattern in which the connector pads 34 are arranged 
on the semiconductor device 30 will correspond to that 
in which the contact pads 36 are arranged on the sup 
port substrate 32. The anisotropic elastomeric conduc 
tor 22 is placed between the device 30 and the substrate 
32, and the device 30 and substrate 32 brought together 
in proper alignment so that corresponding pads 34 and 
36 are arranged on directly opposite sides of the con 
ductor 22. By applying a certain minimal contact pres 
sure between the device 30 and substrate 32, firm elec 
trical contact is made between the contact pads and the 
intermediate conductors 12. Usually, sufficient electri 
cally-conductive fibers are provided in the conductor 
22 so that at least two fibers and preferably more than 
two fibers are intermediate each of the pairs of contact 
pads 34 and 36. 

In an alternate use, the elastomeric conductors of the 
present invention may be used to provide for thermal 
coupling between a heat-generating device, typically an 
electronic device, and a heat sink. When employed for 
such a use, the conductive fibers 12 will generally have 
a relatively large diameter, typically on the order of 
10-2 cm. The elastomeric conductor of the present 
invention is particularly suitable for such applications 
since it will conform to both slight as well as more 
pronounced variations in the surface planarity of both 
the electronic device and the heat sink, thus assuring 
low thermal resistance between the two. 
Although the foregoing invention has been described 

in some detail by way of illustration and example for 
purposes of clarity of understanding, it will be obvious 
that certain changes and modifications may be practiced 
within the scope of the appended claims. 
What is claimed is: 
1. A method of fabricating an anisotropic elastomeric 

conductor, said method comprising: 
forming a stack of first and second sheets so that at 

least one second sheet lies between adjacent first 
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sheets, wherein said first sheets include electrically 
conductive fibers running in one direction only and 
the second sheets are composed of electrically 
insulating material; 

perfusing the stack with a curable elastomeric resin; 
and 

curing the elastomeric resin to form a solid block 
having the electrically conductive fibers electri 
cally isolated from one another and extending from 
one side of the block to the opposite side. 

2. A method as in claimi, further comprising the step 
of slicing the solid block in a direction transverse to the 
direction of the electrically conductive fibers to yield 
individual slices having the fibers extending there 
3COSS. 

3. A method as in claim 2, further comprising the step 
of dissolving at least a part of the electrically insulating 
material in the individual slices in order to introduce 
voids into the slice to allow for compressibility. 

4. A method of fabricating an anisotropic elastomeric 
conductor, said method comprising: 

forming a stack of first and second sheets so that at 
least one second sheet lies between adjacent first 
sheets, wherein said first sheets are fabric woven 
from electrically conductive fibers running in one 
direction and electrically insulating fibers running 
in the transverse direction and the second sheets 
are fabric woven entirely from electrically insulat 
ing fibers; 

perfusing the stack with a curable elastomeric resin so 
that said resin permeates the interstices in the 
woven fabrics of the first and second sheets; 

curing the elastomeric resin to form a solid block 
having the electrically conductive fibers electrio 
cally isolated from one another and extending from 
one side of the block to the opposite side; and 

slicing the solid matrix in a direction transverse to the 
direction of the electrically conductive fibers to 
yield individual slices having the fibers extending 
thereacross. 

5. A method as in claim 4, wherein the first sheets are 
wire cloth woven from metal fibers and insulating fi 
bers. 

6. A method as in claim 5, wherein the metal fibers 
are selected from copper, aluminum, silver, gold, and 
alloys thereof. 

7. A method as in claim 5, wherein the metal fibers 
are copper. 
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8 
8. A method as in claim 4, wherein the second sheets 

are woven from natural cellulose fibers. 
9. A method as in claim 4, wherein the second sheets 

are woven from synthetic polymeric fibers. 
10. A method as in claim 4, wherein the stack is 

formed from alternate first and second sheets. 
11. A method as in claim 4, further comprising the 

step of dissolving at least a part of the electrically insu 
lating material in the individual slices in order to intro 
duce voids into the slice to allow for compressibility. 

12. An anisotropic elastomeric conductor formed 
according to the steps of: 

(a) forming a stack of first and second sheets of 
woven material, said first sheets formed of electri 
cally insulating material with spaced apart electri 
cally conductive fibers extending therethrough in 
one direction only; said second sheets composed of 
electrically insulating material; said first and sec 
ond sheets arranged so at least one second sheet is 
disposed between adjacent first sheets; said first 
sheets arranged so said conductive fibers in all of 
said first sheets are oriented in one direction; and 

(b) perfusing said stack with a curable elastomeric 
resin; and 

(c) curing said elastomeric resin so as to form a solid 
block with said electrically conductive fibers elec 
trically isolated from each other and extending 
from one side of the block to the opposite side. 

13. The anisotropic elastomeric conductor of claim 
12 further formed by the step of cutting said block at a 
direction perpendicular to said electrically conductive 
fibers so as to form at least one individual slice of con 
ductor with said electrically conductive fibers extend 
ing therethrough. 

14. The anisotropic elastomeric conductor of claim 
13 further formed by the step of dissolving a fraction of 
said electrically insulating material so as to form voids 
in said slice of conductor. 

15. The anisotropic elastomeric conductor of claim 
13 wherein said slice of conductor is of the thickness in 
the range of 0.02 to 0.04 cm. 

16. The anisotropic elastomeric conductor of claim 
13 wherein electrically conductive fibers have a diame 
ter in the range of 0.001 to 0.01 cm. 

17. The anisotropic elastomeric conductor of claim 
12 wherein said electrically conductive fibers have a 
diameter in the range from 0.001 to 0.01 cm. 
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